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Patients who survive the acute phase of sepsis can progress to persistent inflammation, immunosuppression, and catabolism
syndrome (PICS), which usually results in extended recovery periods and multiple complications. Alpinetin is a flavonoid
isolated from Alpinia katsumadai Hayata that has been demonstrated to have anti-inflammatory, antibacterial, and antioxidant
activities. The aim of this study was to investigate whether the administration of alpinetin could attenuate PICS in a septic
mouse model. Mice were randomly divided into four groups: the (1) sham-operated group, (2) sham+alpinetin (1mg/kg
intravenously infused for once per day after sham operation), (3) cecal ligation and puncture (CLP), and (4) CLP+alpinetin (50
mg/kg intravenously infused for once per day after CLP). Eight days after sham operation or CLP surgery, mice were euthanized
for subsequent examination. Alpinetin significantly improved the survival of septic mice. Also, it attenuated the CLP-induced
persistent inflammation, immunosuppression, and catabolism syndrome. The level of plasma proinflammatory cytokines and
apoptosis of T lymphocytes were obviously decreased by alpinetin as well. Moreover, oxidative stress in the organs was
compelling lower in the alpinetin-treated CLP mice. In this clinically relevant model of sepsis, alpinetin ameliorates CLP-
induced organ dysfunction and improves the likelihood of survival, possibly through suppressing the inflammatory response,
oxidative stress, and apoptosis. These findings suggested that alpinetin could be a potential novel therapeutic approach to
prevent sepsis-induced PICS.

1. Introduction

The advancements of diagnosis and management have sub-
stantially improved the overall survival rate of sepsis in the
past few decades. Unfortunately, long-term outcomes in sep-
sis survivors have not been improved over time, usually
resulting in a state of chronic critical illness [1]. Some sepsis
survivors present with typical syndromes that follow the
SIRS-CARS reaction: persistent inflammation, immunosup-
pression, and catabolism syndrome (PICS), marked by recur-
rent nosocomial infections, inadequate nutrition, and the

need for long-term skilled nursing. Physiologically, these
states are generally characterized by sustained inflammation,
suppressed host immunity, and the loss of lean muscle mass
[2, 3]. Many patients are suffering from prolonged recovery
times and often progress to chronic critical illness (CCI) with
less than 50% of patients surviving 1 year after hospital dis-
charge [4, 5]. Nevertheless, no specific and effective pharma-
cological intervention is currently available for PICS.

Although the PICS hypothesis has been validated early in
2012 [6], the precise mechanism remains as yet incomplete.
Unbalance of persistent inflammation and progressive
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immunosuppression were widely accepted to be the basic
mechanisms of PICS. This persistent inflammation is charac-
terized by increased concentration of plasma IL-6, neutro-
philia, etc. The reason contributing to an
immunosuppressive state is marked by T cell exhaustion
and increased proportions of regulatory T cells (Tregs), lym-
phopenia, etc. [7]. Lymphopenia is considered a typical sign
of immunosuppression in clinical practice [6]. Therefore,
the development of new agents that have the ability of anti-
inflammation in addition to modulating immunity may be
useful for the treatment of PICS.

Alpinetin is a Chinese traditional medicine usually iso-
lated from the plants of Alpinia katsumadai Hayata. This
drug has been reported to have varieties of biological activi-
ties, including antibacterial, antioxidative, and anti-
inflammatory [8, 9]. Numerous studies have suggested that
alpinetin has a protective effect on ulcerative colitis and kid-
ney injury in mice by regulating inflammation [8, 9]. How-
ever, whether alpinetin had protective effects against sepsis-
induced PICS has not yet been fully explored. In the present
study, we aimed to testify the protective effects of alpinetin on
PICS.

2. Methods

2.1. Animal. Six-week-old male C57BL/6 mice were housed
in standard environmental conditions with a 12 h/12 h light/-
dark conditions and fed with standard commercial chow
with free access to water. This study was approved by the
local institutional review board, and the experiments were
performed and were approved by the Animal Ethics Com-
mittee of Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology.

2.2. PICS Model of Sepsis. Sepsis-induced PICS models were
established by CLP as previously described [3]. Briefly, seven-
to eight-week-old male mice (22–26 g) were used in all exper-
iments. Mice were anesthetized with pentobarbital sodium
(40mg/kg) injected intraperitoneally (i.p.). Sham-operated
mice underwent the same protocol without the CLP proce-
dure. Finally, mice were resuscitated with sterile saline (50
mL/kg) injected subcutaneously.

2.3. Experimental Protocol. C57BL/6 male mice were ran-
domly divided into four groups: the (1) sham-operated
group, (2) sham +alpinetin group, (3) CLP group, and (4)
CLP+alpinetin (50mg/kg) group. Eight days after sham
operation or CLP surgery, mice were euthanized for subse-
quent examination. Alpinetin was purchased from the
National Institute for the Control of Pharmaceutical and Bio-
logical Products (Beijing, China). The dose of alpinetin was
selected according to previous reports [10].

2.4. Flow Cytometry. Single-cell suspensions of the spleen
were prepared as previously described. Cell counts were
determined using a Coulter Ac T 10 cell counter (Beckman
Coulter, Brea, CA, USA). Cells were then resuspended in a
flow cytometry buffer (1% bovine serum PBS), and nonspe-
cific binding was blocked by a preincubation with 5% rat
serum (Invitrogen, Life Technologies, Grand Island, NY,

USA) and 1μL/sample of Fc Block (BD Pharmingen, San
Jose, CA, USA). The following cell types were identified using
the following antibody combinations: neutrophils (Ly-6G
and CD11b) and CD4 T cells, CD3 and CD4 T cells, and
CD8 T cells (CD3 and CD8).

2.5. ELISA. TNF-α and IL-6 levels in serum were measured
using ELISA kits (BioLegend, CA, USA) according to the
manufacturer’s instructions.

2.6. Histological Examination. Lung tissues were fixed over-
night in 4% paraformaldehyde and embedded in paraffin.
Then, sections were cut into 5μm, and hematoxylin-eosin
(H&E) staining was performed. Histopathological examina-
tions were carried out using a microscope (RX51, Olympus
Optical Co., Ltd., Tokyo, Japan). The histological examina-
tion was performed in a blinded fashion using a scoring sys-
tem previously validated and described.

2.7. Measurement of ROS and SOD Level. Tissues of the lung
and spleen were cut into cubes, and the dispersed cells filtered
with a 300-mesh nylon net. After washing with cold PBS, the
fluorescence intensity of ROS was measured with excitation
wavelength at 500nm and emission wavelength at 525nm
using reactive oxygen species assay kits (Nanjing Jiancheng
Bioengineering Institute, China) following the manufac-
turer’s protocols.

Tissues of the lung and spleen were homogenized using a
tissue grinder and determined using BCA Protein Assay Kits.
The activity of SOD was assessed using SOD assay kits (Nan-
jing Jiancheng Bioengineering Institute) according to the
manufacturer’s instructions.

2.8. Statistical Analysis. All statistical analyses were com-
pleted using GraphPad Prism 8.0 (USA). All data were pre-
sented as mean ± SD. Normally distributed data were
determined by one-way analysis of variance (ANOVA),
followed by the Tukey post hoc test. Nonnormally distrib-
uted data were analyzed with nonparametric Wilcoxon tests.
Survival data were analyzed using the Kaplan-Meier method,
and survival curves were compared using the log-rank test
and Gehan-Breslow-Wilcoxon test in univariate analysis.
Statistical significance was defined as p value < 0.05.

3. Results

3.1. Alpinetin Improved the Survival of CLP Septic Mice. To
evaluate the effect of alpinetin administration on the survival
of CLP-operated mice, mice were divided into four groups as
shown in Figure 1 and monitored for 8 days. The survival
rate in the CLP group (survival: 6 of 30 mice, 20.0%) was sig-
nificantly lower than that in the sham and sham+alpinetin
groups (survival: 10 of 10 mice, 100% in sham and sham+al-
pinetin groups, p < 0:001). Interestingly, the administration
of alpinetin significantly improved the survival rate to
53.3% in the CLP+alpinetin group (survival: 8 of 15 mice, p
< 0:05).

3.2. Alpinetin Alleviated Inflammation in CLP-Induced PICS
in Mice. To determine the effects of alpinetin on
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inflammation, numbers of neutrophils in the spleen and
blood were detected eight days after CLP. Weight of the
spleen, splenocytes, and number of neutrophils in the spleen
and blood increased in the CLP group, which were consistent
with the characteristics of PICS. Alpinetin significantly
decreased the weight of the spleen and the number of white
blood cells compared with those in the CLP group
(Figures 2(a) and 2(b)). Additionally, we observed that the
number of neutrophils in the spleen and blood was signifi-
cantly decreased in the CLP+alpinetin group (Figures 2(c)
and 2(d)). Furthermore, there were notable increases in IL-
6 and TNF-α levels in the serum of CLP which were reduced
by alpinetin treatment (Figures 2(e) and 2(f)). These results
suggested that alpinetin significantly attenuated inflamma-
tion in sepsis-induced PICS.

3.3. Alpinetin Improved Immunosuppression in CLP-Induced
PICS. Lymphopenia (lymphocyte count < 800/mm3) is con-
sidered to be an important clinical feature in PICS [6]. The
loss of T cells is a key determinant of immune suppression.
This is of particular importance as studies did reveal that per-
sistent lymphopenia is related to increased mortality and sec-
ondary infections in severely ill intensive care patients [11].
In a murine PICS model, lymphopenia was depicted in a
quantitative loss of CD4+ and CD8+ T cells [3]. In our study,
we examined splenic T cell numbers eight days after CLP.We
observed that the total CD4+ and CD8+ T cell numbers from
septic mice are significantly decreased in the CLP group and
significantly suppressed in the CLP+alpinetin group
(Figures 3(a) and 3(b)), suggesting that alpinetin improved
the immunosuppression in CLP-induced PICS.

3.4. Alpinetin Improved Catabolism in CLP-Induced PICS.
Most septic patients display a rapid loss of lean muscle mass

due to sustained catabolism. The decrease in muscle mass
associated with sepsis is not due to a decline in protein syn-
thesis, but rather attributed to an increase in protein break-
down [12]. Literature has implicated an ongoing
inflammatory response as the driving force behind prolonged
catabolism in sepsis [13]. In a murine PICS model, mice had
a leg muscle mass loss of approximately 50% eight days after
CLP [3]. To validate this, we evaluated the weight change and
thigh muscle mass of mice. In our study, both weight and
thigh muscle mass were significantly decreased in the CLP
group, but largely increased in the CLP+alpinetin group
(Figures 4(a) and 4(b)), suggesting that alpinetin may help
to improve nutritional status in PICS.

3.5. Alpinetin Treatment Inhibited Apoptosis of CD4+ and
CD8+ T Cells. Lymphocyte apoptosis has been reported to
play an important role in the pathogenesis of sepsis and is
thought to be the main reason that contributes to lymphope-
nia [14]. To further confirm the effects of alpinetin on T lym-
phocyte apoptosis, flow cytometry was used to detect the
apoptosis of CD4+ and CD8+ T lymphocytes in vivo and apo-
ptosis was labeled with caspase-3+PI+. The percentages of
CD4+ and CD8+ T lymphocyte apoptosis were significantly
increased in the CLP group, which was in accordance with
the previous study. Interestingly, alpinetin administration
significantly suppressed the apoptosis of CD4+ and CD8+ T
lymphocytes (Figures 5(a) and 5(b)). In a word, our results
demonstrated that alpinetin inhibited the activation of
caspase-3-dependent apoptosis.

3.6. Alpinetin Reduces Lung Injury and MPO Activity. Sus-
tained tissue damage and multiple organ failure are another
characteristic of PICS. It is commonly accepted that the lung
is the primary target of organ damage in sepsis. Thus, to fur-
ther investigate the effect of alpinetin on lung inflammation,
lung tissues were collected for cell H&E staining and MPO
activity. Hemorrhage, alveolar septal thickening, and leuko-
cyte infiltration were observed in PICS mice compared with
the sham group. However, these histopathological changes
and the lung injury score were significantly attenuated by
alpinetin treatment (Figures 6(a) and 6(b)). Inflammatory
cell infiltration plays a critical role in lung inflammation
and is overwhelmingly the highest contributor to tissue dam-
age. Additionally, myeloperoxidase (MPO) activity is consid-
ered to be a marker of inflammatory cell infiltration in lung
tissues [15]. As shown in Figure 6(c), MPO activity signifi-
cantly increased in lung tissues in PICS mice. However,
MPO activity was dramatically reduced by the administra-
tion of alpinetin. These findings suggest that alpinetin has
protective effects against inflammatory injury in PICS.

3.7. Alpinetin Ameliorates Oxidative Stress in Septic Mice.
Sepsis is characterized by an excess of reactive oxygen spe-
cies, inducing cellular damage and death, depletion of antiox-
idants, and accumulation of markers of oxidative stress [16].
Alleviating oxidative stress is considered one of the impor-
tant mechanisms to treat lung injury [17, 18]. The level of
oxidative stress was analyzed by determining ROS level and
SOD activity in the lung and spleen. We observed an
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Figure 1: Effect of alpinetin on the survival of CLP septic mice.
Mice were intravenously administered with alpinetin (50mg/kg)
in the sham+alpinetin and CLP+alpinetin groups, and the survival
rates of the mice were monitored for 8 days. Survival data were
analyzed using the Kaplan-Meier method, and survival curves
were compared using the log-rank test and Gehan-Breslow-
Wilcoxon test in univariate analysis. ∗∗∗p < 0:001, CLP vs. sham;
#p < 0:05, CLP-Alp vs. CLP.
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increased ROS in the lung and spleen in the PICS group, and
alpinetin reverts back the level of these organs (Figure 7(b)).
Regarding antioxidant enzymes, the SOD activity showed
significant decrease after sepsis in the meanwhile, and alpine-
tin was effective in increasing SOD activity level in the lung
and spleen (Figure 7(b)).

4. Discussion

In this study, we used a rational and scientific method to
demonstrate that the CLP procedure evoked PICS, char-
acterized by elevated neutrophil number, increased
plasma levels of IL-6 and TNF-α, lymphopenia, and loss
of weight, which were improved by alpinetin in a mouse

model of sepsis-induced PICS. As a result, the intrave-
nous administration of alpinetin improved the survival
of the CLP septic mice. Furthermore, alpinetin signifi-
cantly reduced the apoptosis of CD4+ and CD8+ T lym-
phocyte and lung injury and reduced lung and spleen
superoxide production in PICS mice. Accordingly, these
findings suggest that alpinetin attenuates CLP-induced
PICS and may be useful as a therapeutic agent to relieve
related organ injury.

Alpinetin, a novel plant flavonoid isolated from Alpinia
katsumadai Hayata, has anti-inflammatory and antioxidative
effects on variable disease processes, such as ulcerative colitis,
acute kidney injury, and endometritis [8–10, 19]. In the
mouse model of LPS-induced liver injury, alpinetin inhibited
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Figure 2: Effects of alpinetin on splenic myelopoiesis and leukocytosis eight days after the procedure. The spleen and blood were collected
and analyzed eight days after the cecal ligation and puncture (CLP) operation. (a) Weight, (b) total number of WBCs, (c) neutrophils in
the spleen, and (d) neutrophils in the blood. (e) IL-6 and (f) TNF-α in serum were quantified by using ELISA kits. Sham (n = 10),
sham+Alp (n = 10), CLP (n = 6), and CLP+Alp (n = 8). Data are shown as mean ± SD. ∗∗∗p < 0:001, CLP vs. sham; #p < 0:05, ##p < 0:01,
CLP-Alp vs. CLP.
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liver injury through reducing inflammatory cell infiltration
and proinflammatory cytokine release [9]. In an in vivo
model of ulcerative colitis, dextran sulfate sodium-induced
intestinal barrier dysfunction, inflammation, and oxidative
stress were attenuated or prevented by alpinetin [8].

The CLP model has been widely used as the gold stan-
dard in sepsis models, as it closely mimics the clinical condi-

tion of human sepsis [20]. The previous study has implicated
that mice which survived eight days after CLP displayed PICS
characteristics including lymphocyte depletion, circulating
myeloid cell increase, and weight loss [3]. In our present
study, results showed that mice that survived eight days not
only displayed PICS characteristic but also accompanied by
lung injury.
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Figure 4: Effects of alpinetin on weight changes after the procedure. (a) Mice were weighed before the operation (day 0) and on the eighth day
after the procedure (day 8). Groups were then compared in terms of (b) absolute change in weight and (c) thigh muscle weight. Sham (n = 10),
sham+Alp (n = 10), CLP (n = 6), and CLP+Alp (n = 8). Data are shown asmean ± SD. ∗∗p < 0:01, ∗∗∗p < 0:001, CLP vs. sham; #p < 0:05, CLP-
Alp vs. CLP.
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Figure 3: Effects of alpinetin on splenic T cells eight days after the procedure. After eight days, animals were sacrificed and the spleens were
removed. Flow cytometry was then used to characterize the number of (a) total CD4+ T cells and (b) total CD8+ T cells in each group. Sham
(n = 10), sham+Alp (n = 10), CLP (n = 6), and CLP+Alp (n = 8). Data are shown as mean ± SD. ∗∗∗p < 0:001, CLP vs. sham; #p < 0:05, CLP-
Alp vs. CLP.
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Recent studies demonstrated that the increasing apopto-
sis of immune cells plays a pivotal role in immunosuppres-
sion and consequent organ dysfunction, which were
observed in sepsis [14, 21]. Animal studies showed that the
blockade of cell apoptosis could improve the survival rate
in a sepsis model [14]. Studies have revealed that alpinetin
could attenuate chronic obstructive pulmonary disease
(COPD) and colitis by inhibiting apoptosis [22, 23]. Su
et al. have recently reported that alpinetin can reduce the
activity of caspase-3 and caspase-9 in COPD rats, inhibit
the occurrence of alveolar cell apoptosis, and reduce the
release of inflammatory factors by reducing the activities of
TGF-β1, TNF-α, and α-SMA [23]. In the present study, there
was obvious downregulation of the expression of caspase-3 in
T cells of PICS mice after alpinetin intervention. Alpinetin
ameliorated lymphopenia and the apoptosis of CD4+ T and

CD8+ T lymphocytes in the spleen of PICS mice. Results
indicated that alpinetin could attenuate cell death and immu-
nosuppression of T lymphocytes induced by sepsis. Addi-
tionally, apoptosis can be triggered by a variety of stimuli
including inflammatory cytokines and ROS. ROS has been
extensively implicated in T cell hyporesponsiveness, apopto-
sis, and activation [24, 25]. To validate this hypothesis, the
levels of ROS and SOD were measured to assess the degree
of oxidative stress in the spleen of PICS mice. In our study,
PICS triggered ROS overproduction and SOD hypoactivity
in the spleen, indicating that the elevated levels of oxidative
stress exist and may facilitate T lymphocyte apoptosis in
PICS mice. However, both apoptosis of T cells and oxidative
stress in the spleen were suppressed by alpinetin. Therefore,
alpinetin may exert its antiapoptotic effect by reducing the
production of superoxide. Taken together, these results
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Figure 5: Effects of alpinetin on apoptosis of CD4+ and CD8+ T cells in the spleen. Flow cytometry was then used to evaluate the
apoptosis by detecting caspase-3 activation and cell death (PI positive) of CD4+ (a, c) and CD8+ (b, d) T cells in the spleen on the
eighth day. Sham (n = 8), sham+Alp (n = 8), CLP (n = 6), and CLP+Alp (n = 8). Data are shown as mean ± SD. ∗∗∗p < 0:001, CLP vs.
sham; ##p < 0:01, CLP-Alp vs. CLP.
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indicate that alpinetin attenuates CLP-induced PICS through
its counterregulatory action to mediate the resolution of
inflammation, oxidative stress, and apoptosis.

Death from sepsis is not thought to be related to infection
itself but associated with organ failure that results from the

systemic response to infection [26]. Lung injury is one of
the most frequent organ dysfunctions in sepsis. We found
that alpinetin administration exhibited the tendency to ame-
liorate lung injury as shown by decreased inflammatory cell
infiltration and MPO. Evidence has indicated that oxidative
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Figure 6: Effects of alpinetin on lung injury and MPO activity. (a) Representative images of H&E-stained lung tissues from different groups.
(b) Lung injury score. (c) MPO activity was analyzed using MPO Assay Kits. The scale bar is 50 μm. Sham (n = 8), sham+Alp (n = 8), CLP
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stress, which is induced by ROS accumulation and reduced
activity of antioxidant enzymes, plays a crucial role in the
progress of organ failure in sepsis [16, 18, 27–29]. In our
study, along with the increase in ROS, the activity of SOD
decreases in the lung of PICS mice. However, alpinetin exhib-
ited antioxidative action in the lung of PICS as evidenced by
upregulation of SOD, accompanied by the decrease in ROS.
These findings indicated that alpinetin may attenuate inflam-
mation and lung injury via inhibiting oxidative stress in the
lung of PICS.

5. Conclusions

In conclusion, the present study described a novel function of
alpinetin in alleviating CLP-induced PICS. Alpinetin attenu-
ates PICS and related organ injury in the mouse model by
anti-inflammation effect in addition to inhibiting apoptosis
of T lymphocytes, which may be involved in oxidative stress.
Further studies, in particular clinical trials, are necessary to
verify the potential adjuvant effect of alpinetin in PICS.
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